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ABSTRACT: Indonesia is blessed with relatively abundant  potential renewable energy,
geothermal potential is about 27,000 MW, it is equal to 40 % of the world potential. However
the utilization of geothermal energy in Indonesia is still very low compare to its huge potential.
In 2010, total installed capacity of geothermal power plant was only 1200 MW or 4% of total
installed capacity of geothermal energy in Indonesia. In order to minimize the global warming
as a result of the increase of greenhouse gases (GHGs) emission, Indonesia have now to look
into the use of  clean energy such as geothermal energy sources.
This paper was written to evaluate an energy, exergy and thermoeconomic analysis of a binary
geothermal power plant. As a case of this study, data of geothermal field at Lahendong, North
Sulawesi Indonesia was used .
The results of this analysis shows that the cost formation process throughout  a plant  from the
total capital investment, revenue requirement, main product unit cost  ( $/kWh) and cost rate
associated with the product of the geothermal power plant ($/h) can be determined.
Keywords : energy, exergy, thermoeconomic and geothermal.
1. INTRODUCTION
Indonesia lies across the southwestern sector of the Ring of Fire, the chain of volcanoes that
stretches around the Pacific Rim. There are more that 200 volcanoes around the Pacific, many
of them still active. Total geothermal resources in Indonesia is estimated to be around 27.000
MW, it is equal to 40% of the world reserves, equivalent to the power generated from burning
12 billion barrels of oil, ESDM (2010). Despite of the huge geothermal potential in Indonesia,
only minor development has been achieved during the 2000-2010 period. Indonesia currently
utilizes 1250 MW of installed geothermal capacity. President of Republic Indonesia has said
that by 2025 he would like geothermal generating capacity to rice to 9,500 MW, or 5% of the
country´s total requirement. And tapping into geothermal resource – low carbon, to reduce
greenhouse gas emission at least 26 percent over the next decade. This power plant
development program is the line with the government´s energy mix program , stated in
Presidential Decree No.5/2006 on National Energy Policies. This policy is further explain in
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the 2010 – 2025 National Energy Management Blueprint, targeting a 6.3 % role of geothermal
energy in the national energy mix by 2005,or about 9500 MW, ESDM (2009).
Exegry analysis based on the second law of thermodynamics has proven to be a power tool
in performance evaluation and the thermodynamic analysis of energy systems, Moran et al
(1998), Bejan et al (1996), Kestin (1978). DiPippo (2004), investigated the second law
assessment of binary plants generating power from low temperature geothermal fluid. Exergy
efficiency of 40% have been achieved in certain plant with geofluids having specific exergies
of 200 kJ/kg or lower. Some application of exergy to geothermal power plants can be read in
investigated of, DiPippo (1994), DiPippo (1984),   Ozturk (2006), Kanoglu (2002) and
Bodvarsson et al (1972). Kontoleontos et al. (2007) studied optimal Rankine cycle using
isobutane and R134a as working fluid for two geothermal binary power  system.
An economic analysis of geothermal power plant was perform by Marta et al (2010),
Valgardus Stefansson (2002), Cedic Nathanael Hance (2005),Subir K.Sanyal (2004), Marco
Astolfi et al (2011),Masashi Shibaki (2003). George Tsatsaronis published a series of paper of
thermoeconomic in   power plant, Tsatsaronis G,(1985), Tsatsaronis ,G, Morant M (1996). The
exergy and thermoeconomic analysis of power plant has been development in Department of
Mechanical Engineering  Hasanuddin University since 2003, Siahaya et al (2008, 2009).
2. GEOTHERMAL RESOURCES IN LAHENDONG FIELD
In accordance with government plan to improve the contribution of renewable such as
geothermal energy for national electricity demand, PERTAMINA Geothermal Energy (PGE)
has commissioned  Lahendong Unit III with installed capacity 20 MW. Lahendong is
geothermal field located in North Sulawesi Province. Since October 2001, Lahendong
geothermal field is producing steam supply a turbine with 20 MW installed capacity. The
operation Unit III 3 will add another 20 MW and the total installed capacity of Lahendong
become 40 MW. Lahendong geothermal field is located 30 km South of Manado, the capital of
North Sulawesi Province in the eastern Indonesia. The first Lahendong power plant project
began operation in  2001 with total capacity of 20MW. Operation of the Lahendong III began
in April  2009, bringing the total capacity in the area to 60 MW, and will supplied with
geothermal fluid from 4 production wells in cluster-5 (wells LHD-5, LHD-9, LHD-21 and
LHD-23).  The steam is used to drive the steam turbine that can produce electricity up to 20
MWe, while the brine is reinjection into the ground   by using a reinjection well. The rejected
brine from cyclone separator that is being considered for uses as the source for the proposed
power plant by using Organic Rankine Cycle (Isopentane). The brine  has properties as
follows : mass flow rate 625 ton/h, temperature 180 C, and pressure 10.8 bar. The working
fluid ( isopentane)  has properties as follows : mass flow rate 48.75 (kg/s), temperature 164.6
C, pressure 23.71 bar, Nugroho (2007). The aim of the study is to make a general comparison
of method that increase the power generation from the conventional single flash cycle by
utilizing the heat in the brine from the steam separator (cyclone separator ). Lahendong
geothermal field   location is shown in map of geothermal  sources , Fig.1, ESDM (2008).
FTEC2011-The 7th International Conference On Fluid and Thermal Energy Conversion. Zhengzhou, China
September 24-27, 2011
3
Figure 1 : Geothermal fields location in Indonesia.
The power output can be raised by adding a binary unit between the cyclone separator and the
reinjection wells. A simplified schematic of such an arrangement   is given in Fig. 3. All of
data in this study is found from data  Nugroho (2007).
Figure 2 : Simplified schematic of proposed basic binary plant in Lahendong field
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2.1 A proposed Binary power plants of Lahendong geothermal field.
Initially   the single –flash plant  of Lahendong power plant operated by itself  and the
waste liquid from cyclone separator (CS) was send directly to the reinjection well (IW). In this
study, the rejected brine from cyclone separator (CS) is used as the energy source in a flash –
binary cycle power plant. Simplified schematic of a geothermal power plant is shown in Fig 2.
The temperature – entropy diagram and pressure – enthalpy diagram of isopentane ( working
fluid), is shown in Fig 3. The working fluid pumping (1-2), preheating and evaporation (2-3),
expansion in steam turbine (3-4), desuperheating  and condensation (4-1). Fig 3b shows the
pressure – enthalpy and temperature – entropy diagram of isopentane working  fluid . The
brine has properties as follows, mass flow rate 600 ton/h, temperature 1800C, and pressure 10
bar. The Cyclone Separator (CS) will be located close to the wellhead, the throttle valve
maintains a pressure drop from state 1 to state 2. The saturated steam is sent directly to the
turbine which is couple to the generator to produce power, Nugroho (2007). The separated
brine (a-b-c) from the cyclone separator is a heat sources for working fluid isopentae. The heat
source from the brine causes the working fluid to evaporate, producing the high pressure
vapour  that is then expanded through a turbine that is couple to the ganerator. After that the
brine is flows  to the reinjection well.
Figure 3 : Pressure – enthalpy and temperature – entropy diagram
3. CALCULATION PROCEDURE
Inthe calculation procedure, this section discusses some general aspect of the
thermodynamics analysis of an energy system using the exergy method. The first law does not
recognize any waste in adiabatic chemical reactor or an adiabatic throttling process. The first
law does not show that a part of the enthalpy of a stream or of the heat transfer rate is
thermodynamically useless. The first law not detect any energy degradation in an adiabatic heat
exchanger. Unlike energy, exergy is not subject to a conservation law. Energy cannot be
destroyed – as first law concept. That the idea that something can be destroyed is useful in the
design and analysis of thermal system. This idea does not apply to energy, however, but to
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exergy (availabity) – a second law concept. Exergy is the maximum theoretical useful work
obtainable; as the system interact to equilibrium.
3.1. Exergy analysis for each component
In this study we present an exergy and thermoeconomic (exergoeconomic) assessment and
modeling of geothermal power plant system for their system analysis, performance evaluation
and cost analysis. Exergy analysis is vital in designing, optimizing and modeling this kinds of
cycle. Exergy analysis is now a mature methodology that accounts for the system´s inefficiency
in term of exergy destruction. Exergy has become an increasingly importance tool for the
design and analysis of thermal system. Exergy is also importance because it provides the basic
for the discussion of thermoeconomic.Exergy is the maximum theoretical useful work (shaft
work) obtainable as the systems interact to equilibrium, heat transfer occurring with the
environment only. Exergy can be destroy and generally is not conserved.
The exergy rate (EX) equation for the geothermal power plant can be defined as
EX =  m [(h –h0) – T0(s-s0)] (1)
where h is enthalpy, s is entropy, m is the mass flow rate, and subscript zero indicates
properties at the restricted dead state of P0 and T0.
For exergy destruction (irreversibility), the entropy generation Sgen is calculated first and used
in the following equation :
I = To (s – so) = To Sgen (2)
The exergy efficiency of the system can be defined as the ratio of total exergy output to the
total exergy input :
ε  = EXoutput / EXinput (3)
where “output” refers to “net output” or product or desire value, and “input” refers to “given”
or  “used “
For each component , the value the exergy destruction rate is obtained from the exergy rate
balance :
ED = Exinput – EXoutput (4)
Exergetic efficiency (ε) for the single – flash and binary cycle can be expression as   follows :
ε = Wnet / EXinput (5)
Table.I shows rate of exergy Exk, exergetic efficiency εxk, exergy destruction ED.k of the
component of  binary plant, with isopentane used as a working fluid of Lahendong geothermal
field.
Table1. Exergy rate, exergy destruction, and exergetic efficiency of binary cycle with
isopentane as working fluid.
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Table I: Exergy rate, exergy destruction, exergetic efficiency, Net Work Turbin and Pump,
Mass Flow Rate of Isopentane, brine and Water of Binery Plant in Lahendong field.
Component Exergy Rate
Input Output
(kW)
Exergy
Dextruction
(kW)
Exergy
Efficiency
(%)
Turbine 6127 2084 125 84
Evaporator 3400 6250 400 82
Preheater 2350 3500 150 84
Condensor 2010 900 375 86
Cooling Tower 650 1800 450 81
Working Fluid Pump 850 2400 75 75
Cooling Water Pump 230 260 25 75
Net Work Cycle                         = 3918 kW
Mass Flow Rate of Isopentane = 49,75 kg/s
Exergetic Efficiency Cycles = 28 %
3.2 ECONOMIC ANALYSIS OF COMBINE SINGLE FLAH AND BINARY PLANT OF
LAHENDONG GEOTHERMAL PLANT.
The successful completion of a geothermal power plant project requires estimation of the
major costs involved in the design of geothermal power plant. ( total capital investment (TCI),
operating and maintenance cost (O&M) expenses and cost of the final product (Levelized
annual cost) . The total capital investment is the sum of the fixed-capital investment (FCI),
startup cost (SUC), working capital (WC), cost of licensing, research, and development (LRD),
and allowance for funds used during construction (AFUDC), Bejan et al (1996). The results of
the economic analysis, the levelized unit cost of electricity for the 30 years period can be
calculated in ¢/kWh. All equation in this study is according to the equation Bejan et al (1996)
3.2.1 Estimation of total capital investment (TCI).
The capital need to purchased  the land, build all the necessary facilities, and purchased  and
install the required machinery and equipment for a system is called the fixed capital investment
(FCI). The total capital investment (TCI) is the sum of the fixed capital investment (FCI) and
other outlays, Bejan et al (1996).
The mayor cost involved in the geothermal power plant is the total capital investment (TCI),
operating and maintenance cost (O&M) expenses and cost of final product.   The total capital
investment (TCI) is the sum of the fixed-capital investment (FCI), startup cost (SUC), working
capital (WC), cost of licensing, research, and development (LRD) and allowance for funds
used during construction (AFUDC):
TCI =  FCI + SUC + WC + LRD  + AFUDC (6)
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The purchased equipment cost (PEC) of single flash and binary power plant ( turbine,
condenser, evaporator, preheater, cooling tower, and pump) was estimated from classical actual
data and levelized before it was used for the cost comparison. In a typical cost – estimating
chart, when all available cost data are plotted versus the equipment size on a log-log plot, the
data correlation results in a straight line ( in a given capacity range). The slope in this line, α ,
represents important cost – estimating parameter, Bejan at al (1996).
CPE,Y = CPE,W ( XY / XW) α (7)
This equation allows the purchase cost of an equipment item (CPEY) at a given capacity or size
(as expressed by the variable XY ) to be calculated when the purchase cost of the same
equipment item (CPE,W) at the difference capacity or size (expressed by XW) is known, Bejan et
al (1996). The scaling exponent, α , for the main components in the single-flash and binary
plant study are given by Bejan et al (1996).
3.2.2 Fixed Capital Investmant (FCI)
According to Maciej Lukawski (2009)  the cost of piping is assumed to be equal 7% of PEC
(Purchased Equipment Cost), instrumentation, controls and electrical equipment is 5% of
PEC, cost of land is 10 % of PEC, civil and structural work is 3 % of PEC, engineering and
supervision is 6 % of PEC, contingencies is 3 % of PEC. The fixed capital investment (FCI) is
the sum of the direct cost (onside and offside cost) and indirect  cost .
3.2.3 Other Outlays
The other outlays is  the sump of the startup costs (SUC), cost of working capital (WC), cost
of licensing, research and development (LRD) and allowance for funds used during
construction (AFUDC).  Startup cost (SUC) is assumed to be equal to 1% of (PEC), working
capital is 3% of (PEC), Maciey Lukawski (2009). According to Bejan et al (1996) the cost of
AFUDC is 15 % of Fixed Capital Investment (FCI) if the cost of licensing, research, and
development (LRD) is ignored in this study.  The drilling cost is typically in the range of 20-
50% of TCI, Stefansson (2001), the majority of reports say that 17-47% of the total project
cost is allocated to drilling. Kranz (2007) suggest that 70  % of TCI can be allocated to drilling
and site development. The EPRI suggests (GEA) the average drilling costs for binary power
plant account for $996/kWe.
Table. III. Estimation of the total capital investment for binary plant in Lahendong field.
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Table III: Estimation capital investment for binary cycle plan for Lahendong geothermal field,
working fluid Isopentane (all costs are expressed in thousands of mid-2011 dollars)
I. Fixed Capital Invesment (FCI)
A. Direct costs
Purchased equipment costs (PEC)
 Turbine
 Evaporator
 Preheater
 Condenser
 Cooling tower
 Cooling water pump
 Working  fluid pump
 Other plant equipment
Total Purchased-Equipment Costs (PEC)
Piping (7% PEC)
Installation of equipment (6% PEC)
Instrumentation (4% PEC)
Electric and equipment (5% PEC)
Total Onsite Costs
B. Indirect costs
 Land (Negliable)
 Civil work (7% PEC)
 Service facilities (5% PEC)
 Contingency (2% PEC)
Total Indirect Costs
Fixed Capital Invesment (FCI)
II.Other Outlays
Startup costs - SU (10% FCI)
Working capital – WC (3% FCI)
Allowance for funds used during construction -AFUDC
(15%FCI)
Total Other Outlays
Total Capital Investment (TCI)
III. Drilling Costs ($250/kWe)
IV. Total Pre-operation
Plant – Facilities Investment
Escalated PFI (5% per year) 2013
Escalated Start up Cots
Escalated Working Capital
2.579
37
75
112
220
85
76
32
3,216
238.42
204.36
136.24
170.30
4,155.32
238.42
170.0
64.0
449.30
4,605
46
102
691
638.18
5,443
979,5
6,422.5
6,422.5 x 103
Total Net Outlay
Total Depreciable Capital Investment
7.250 x 103
7.325 x 103
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Table IV: Levelized annual costs of binary plant for Lahendong power plant.
BINARY
($/Year)
Carrying Charge (CCL) 1058 x 103
Operating and Maintenance
(O&ML)
420x 103
Total Revenue Requirement
(TRRL)
1478 x 103
Levelized annual costs of electricity binary plant                        5,8  ¢/kWh
This section presents a brief review of engineering – economic principles
1. The plant facilities investment (FPI) is the difference between fixed capital investment
(FCI) and land. The plant facilities investment (FPI) for the binary and flash power plant
are estimated in Table 3 and Table 4 as $ 6,4225 x 103 and $ 2,750 x 103 in the mid –
2011. All cost are assumed increasing to  years increase with the general inflation rate,
with is taken as 5.0% per year, The project of geothermal single-flash plant and binary
plant  estimate that design and construction could start in January 2013 and would last
for 2 year. The average capacity factor for the plant is estimated as 90%, which means
that system will operate at full load 8000 hours per year. Total capital investment in
January 2013 is a equal to the sum of the total net outlays and allowance of fund used
during construction (AFUDC) as $ 620 x 103 (geothermal plant) and $ 838 x 103. Total
depreciable capital investment is a equal to the sum of total capital investment and total
non depreciable capital investment $7,325 x 103. Total net capital investment is equal to
the sum of total capital investment and investment tax credit ( ignored)  $ 720 x 103,
Bejan et al (1996).
2. The system financing fraction for  the majority of geothermal power plant are financed
from two sources : debt and equity. According to the Geothermal Energy  Association
(GEA), in the geothermal project usually 30%  of financing comes from equity and 70%
from debt. Typical interest rate in the geothermal plant are around 6-8% for debt and
approximately 17% for equity. The effective rate of return (ieff) was estimated to equal
10% for geothermal plants and 8.5% for waste heat recovery (binary cycle) project. The
lifetime of the designed plant is assumed to be 15 years for the geothermal plant and 10
years for the binary plants. The economic life is estimated to be 30 years that is from
January 2014 to December 2044.The nominal escalation rate (rn) was estimated to equal
4% for geothermal plant and 4% for waste heat recovery project, Maciej Lukawski
(2009).
3.3. CALCULATION OF TOTAL REVENUE REQUIREMENT (TRR)
The annual total revenue requirement (total product cost) is the sum of carrying charges (CC)
and expenses. The annual total revenue requirement (TRR) is equal to the sum of the following
eight annual amounts of the total capital recovery (TCR); minimum return on investment for
common equity (ROIj,ce) and debt (ROIj.d); income taxes (ITX): other taxes and insurance
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(OTXI); fuel cost (FC) ignored for geothermal plant and operating and maintenance cost
(OMC), Bejan et al (1996);
TRRj = TCRj +  ROIje + ROIjd + ITXj + OTXIj + OMCj (8)
The subscript j refers to the jth the year of system operating
Annual book depreciation (BD) is calculated from the book life (BL) and the total depreciable
investment (TDI) using the straight line depreciation method :
BDj = TDI/BL               j = 1,…….Book life (BL) (9)
Deferred income taxes (DITX) for the jth year of taxes life (TL) is based the difference
between the annual tax depreciation (TXD) and book depreciation  (BD);
DITXj = (TXDj - BDj ) t     j = 1,…….., TL + 1                            (10)
Where t is the total income tax rate of 38% (estimated)Return on investment (ROI) calculation
for  any year of system operation is based on the outstanding investment the balance at the
beginning of the year (BBY). That is, the return on investment for year j is
ROIj,x = BBYj,xix j= 1,……….BL,   x = d, ce (11)
Here ix is the annual rate of return for the xth investment type.( 6-8 % for debt and 17% for
equity).The balance at the beginning of the first ( BBY 1,x) for the xth of type of financing, The
total capital recovery(TCR) for the jth year of book life is the sum of book depreciation ,
deferred income taxes (DITX)and recovery of the common equity AFUDC.The balance of the
beginning of the first year (BBY1,x) for the x type of financing ;
BBY1,x = TNI (total net investment) x fx,1 x = d,ce (12)
The year-by-year, analysis of capital recovery, year by year distribution of capital recovery
and year by year revenue requirement   analysis for the single-flash plant and binary plant of
geothermal power plant the total revenue requirement can be determined. The total revenue
requirement in current dollars for the jth year of operation of the combined single-flash and
binary system (TRR) can be determined. When evaluating the cost effectiveness of a thermal
system, it is necessary to compare the annual of carrying charges levelized (CCL) and operating
and maintenance levelised (O&M) expenses. In general, carrying charges decreases while
operating and maintenance cost  with increasing.
The levelized annual operating and maintenance costs (OMCL) are
OMH (1 +rm)n x kOM x CRF
OMCL = (13)
(1 + rm) (1 - kOM)
= $ 420 x 103/year
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Where equation of kOM can be write as follows  :
1 + rn
kOM = (14)
1- ieff
The levelized of total revenue reqirement (TRRL) can be express as follows :
TRRL = EUACL (Equivalent Uniform Annual Cost)  = P(A/P, L%, n) (P/F, L%, n) = $ 1478 x
103/year.
The levelized annual carrying charge (CCL )are the calculation as
CCL = TRRL - OMCL = $ 1,058 x 103
Main product unit cost (MPUC) or levelized cost of product  in $/kWh can be calculated
directly from the TRRL and the main product quantity (MPQ):
MPUC  =  TRRL / MPQ       = 5,8 ¢/kWh
MPQ (Net Power) (Operate hour/year) (kWh/year)
Levelized cost product electricity of single-flash geothermal plant = 4.9 ¢/kWh
Levelized cost of product of binary plant = 5.8 ¢/kWh
4. THERMOECONOMIC ANALYSIS
The cost balance of geothermal power plant can be expressed as follows :̇ , = ̇ , + ̇ + (15)
Where  CP,k is cost of product of componen, CF,k is cost of input of component, ̇ is capital
investment of component  and ZOM is operating and maintenance  of component.
The sum of the variable ̇ and ̇ is donated by Z :
= ̇ + ̇ (16)
The term Zk for the kth component is calculated with the aid of the annual levelized carrying
charges (CCL) and the annual levelized  operating and maintenance costs (OML) for the total
system from : ̇ = (CCL + OML) PECk / [ δ x PECTOT] (17)
Where PECk is the purchaced –equipment  cost of the kth component, δ represent the total
number of hours of system operation at full load is equal 8000 hours per year.̇ = c ̇ (18)
cF,k = ,̇ / EF,k cP,k = ,̇ / EP.k (19)
Where c denote average costs per unit of exergy  ($/GJ), and E denote exergy rate (kW).
Cost of exergy destruction component ( CD,k)  in k component: acto
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,̇ = cP,k (20)
The relative cost difference  is a useful variable for evaluating and optimizing a system
component. The relative cost difference rk for the kth component is defined by= + ̇, ̇ , (21)
This variables expresses the relative increase in the average costs per exergy  unit between
input and output of jth component. The relative cost difference (rk) is a useful variable for
evaluating and  optimizing  a system component.
Exergoeconomic factor (fk) consists of non exergy related costs (capital investment,  and
operating and maintenance expenses ), while the second category consists  of exergy
destruction and exergy loss. The exergoeconomic  factor  fk defined for component k by= , , , (22)
A low value of the exergoeconomic factor ( fk ) calculated for major component suggests that
cost savings in the entire system might be achieved by improving the component efficiency
(reducing exergy destruction ) even if the capital investment for this component will incease.
Table V: The results of the calculation of exergy efficiency (ε), exergy destruction (ED),
average unit cost of input (cF), average unit cost of output (cP), cost of exergy destruction (CD),
cost of capital investment  and operating and maintenance expenses ( Z), cost of sum of (CD +
Z), relative cost difference (r) and exergoeconomic factor (fk ) of binary plant
Component ε
(%)
̇
(kW) ($/GJ
)
($/GJ
)
̇($/h) ̇($/h) ( ̇+ ̇ )($/h) r(%) f(%)
Cooling
Tower
45           460        16         15        87       120 207         58        56
85           265        10         12        15       159         169 62 70
55 389 10 5 14 70 84 49 52
83 305 10 4 11 46 57 45 54
85 257 10 4 20 23 43 52 48
Turbine
Condenser
Preheater
Evaporator
6. RESULT AND DISCUSSION
Exergy rate and exergy destruction for binary cycle geothermal power plant  for  each
component is given in Table 1. The greatest exergy destruction (ED) of the component  cooling
tower and evaporator  about 25 % and 28%, is caused the exergy input to the evaporator and
cooling tower  very high because  the mass flow rate of brine about 173.8 kg/s, and mass flow
rate of cooling water is 503.2 kg/s. The higher exergy efficiency are determine to be 86%
occurs in the condenser. The exergy efficiency of cycle is a around 28% of binery plant an
about 30 % of single flash plant. Bodrarsin (1972) give the exergetic  efficiencies of single
flash is 38.7 %, and Leyla Oazgener  et al (2007) give the exergetic efficiency is  56% of
geothermal district heating. DiPippo et al  (1984) calculated the exergetic  efficiency of  an
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actual binary power plant is 33.5 %. In Fig 2 shows that more than 600 ton/h of separated
brine at temperature  180 C of the energy of the brine will be reinjection directly into the
reinjection well. The reinjection brine  around  90 %  of the energy of brine 800 ton/h  in
Lahendong III field.  That is being considered for uses as the sources for the proposed
electricity generation combine single – flash and   binary cycle with working fluid isopentane.
The results of the economic analysis are shown in Table 3 and Table 4. Table 3 contains total
capital investment (TCI), the plant facilities investment (PFI), total depreciable capital
investment. Total depreciable capital investment is amount  $7,325x103 for binary cycle, and
$6,225 x 103 for single flash iin  2013. After calculating non depreciable capita investment, the
annual tax depreciation amount   and the end –year tax book value calculated and the MACRS
factor for a life period of 15 years (tax life). The amount  total revenue requirement (TRR) is
equal to the sum of seven annual amounts : total capital recovery (TCR), minimum return on
investment (ROI) for common  equity, and debt, income taxes (ITX), other tax and insurance
(OTXI), operating and maintenance cost. The results are summarized in a table. When
evaluating the cost effectiveness, it is necessary to compare the annual values of carrying
charges (CC), and operating and maintenance cost (OMC). The levelized annual carrying
charge  (CCL) are then calculated. Table .4 contains final levelized cost carryng charge (CCL),
operating and maintenance cost levelized (OMCL), and total revenue requirement   levelized
(TRR L) When the value of TRRL is known, and also the main product quantity (MPC) is
known, the levelized unit cost of electricity can be calculated in $/kWh, this is a procedure by
Bejan et al (1996). Table 4 contains final levelized annual cost electricity of binary cycle is
around 5.8 ¢/kWh . From Table 3, it can be seen that the total investment cost for the binary
power plant was about $ 7,250,000 or $1850/kW. Investment cost is found to be about
$1750/kW, Stefansson (2002). From geothermal energy association (GEA)   investment cost of
geothermal power plant is  about  $2400/kW, GEA (2005). Also from GEA calculation the
levelized of cost of electricity is about  5,70¢/kWh, GEA (2005)
The results of the thermoeconomic   analysis  shown  is shown in Table 5. The cooling  tower ,
turbine and condenser have the highest values of the sum total capital investment and operating
maintenance  and cost of exergy destruction ( Z + CD ), and are the therefore the most
important  component  from the thermoeconomic viewpoint. The low value of thermoeconomic
factor  f for evaporator  shows that the cost association with the evaporator  is almost due to
exergy destruction. A part of the exergy destruction in a evaporator  can be avoided by
reducing the mass flow rate of cooling water.
The component has large value of thermoeconmoic  factor  (f) suggest that the capital
investment and ̇ ,   and operating and maintenance cost (OMC) are dominate.  Pay particular
attention to the turbine component with a higher value of relative cost difference (r) and also
high the cost rate (Z + CD).
7. CONCLUSION
In this paper, binary cycle of Lahendong geothermal power plant are investigate by energy,
exergy and thermoeconomic analysis. The results of this analysis shows that total capital
investment cost of Lahendong binary-cycle power plant is about 1850 $/kW, and  levelized
annual cost of electricity is around 5.8 ¢/kWh. Therefore the thermoeconomic is a very
powerful tool for understanding the interconnection between thermodynamic and economic.
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